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Growth, yield, water use and water use efficiency of old and modern 
wheat varieties in a mediterranean type environment. 
Ear and stem dry matter at anthesis and grain yield in a range of wheat 
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Trial title: 
Trial number: 
File numbers: 
Officers: 
Aims: 
Growth, yield, water use and water use efficiency of old 
and modern wheat varieties in a mediterranean type 
environment. 
87Ml7 and 87WH14 
EX5434 and EX5435 
Siddique, K.H.M; Tennant, D; Belford, R.K.; McLaughlin, L; 
Perry, M.W. and Thompson, A.R. 
The present study is part of a project aimed to identify any morphological and 
physiological characters associated with higher grain yield of modern wheat 
varieties in a mediterranean type environment. The major objectives of 1987 
experiments were: 
(i} To study the growth and water use efficiency of old and modern wheat 
varieties. 
(ii) To determine the magnitude of the contribution of stem stored 
non-structural (NSC) carbohydrate to grain yield between old and modern 
wheat varieties. (This was done in collaboration with Drs P. Pheloung 
and W.M. Blacklow, U.W.A.). 
(iii) To study the use of Potassium-iodide spraying technique to estimate the 
contribution of stem stored NSC and ear photosynthesis to grain -
filling in wheat. (This was done in collaboration with 
Drs M.E. Nicholas, N.C. Turner and I.E. Henson, CSIRO, Perth). 
Materials and methods: 
Two field studies, one at Merredin and other at Wongan Hills were conducted in 
1987. Wongan Hills trial was severely infested with brome grass and no 
detailed measurements were made at this site. Grain yield and yield component 
data from Wongon Hills were judged unreliable and no data will be reported in 
this summary. 
The experiment at Merredin was conducted on a duplex soil (Crook's site). The 
varieties chosen represented a chronological sequence from the 1860's to 
varieties selected and released in the 1980's (Table 1). Barley was used in 
this experiment as a reference point, since barley is considered as a high 
yielding cereal in this environment. The experiment was planted on May 27, 
1987. A randomized block experiemental design was used with varieties 
randomized within four replications. Plot size was 2.16 m wide (12 rows, 18 
cm apart) x 40 m long. A 10 m length of each plot from one end was irrigated 
(drip-line) when early maturing varieties reached 50'\. anthesis. 
Aspects studied included phenology, LAI, tiller production, leaf appearance, 
dry matter production, ground cover, light interception, crop water use, root 
growth, leaf water potential, leaf conductance, ear photosynthesis, grain 
yield and yield components. 
Stem stored NSC was estimated on selected varieties by applying labelled 14c 
urea to the flag leaf 2 days after anthesis. The plants were harvested on 
three occasions i.e. at 36 hours after labelling, at mid grain-filling and at 
maturity. 
Three metres of 8 internal rows in the irrigated plots were sprayed with a 
0.3% (w/v) solution of KI at 15 days after anthesis of each variety. 
KI sprayed and non sprayed plots were harvested and the grain yield and 
biomass data were used to estimate contribution of stem reserves. 
Results 
Growing season (May-October) rainfall in 1987 was 185 mm, 30 mm less than the 
long term average (Table 2). Soil and crop water relation data showed that 
crop was severely water stressed at various stages of growth. Thus 1987 
season was an excellent year to study the crop water use and related aspects. 
Apart from Miling, modern varieties reached double ridge, terminal spikelet, 
anthesis and maturity earlier than old varieties (Table 3). The number of 
leaves on the main stem ranged from 8 to 14 (Table 4). Apart from Miling, 
there was a general trend of reduced leaf number with modern varieties. Rates 
of leaf appearance was generally faster for modern varieties with the 
exception that of Purple Straw. Barley with 11 leaves had the fastest rate of 
leaf emergence and shortest phyllochron interval (Table 4). 
Table 5 shows that above ground biomass at final harvest was similar for old 
and modern wheat varieties. However grain yield and harvest index increased 
consistently from old to modern wheat varieties. Kulin had the highest yield 
and second highest harvest index which was 63% and48% higher than that of 
Purple Straw. Among the yield components (Table 6) spikelets ear-l and ear 
number m-2 were different between varieties, but showed no trend with 
breeding progress. Other yield component such as grains spikelet-1, grains 
ear-l and grains m-2 increased from old to modern varieties. Mean grain 
weight was generally higher for old varieties. As expected barley achieved 
the highest biomass and grain yield in this environment (Table 5). This 
increased grain yield in barley was mainly due to more spikelets ear-l, ears 
m-2 and higher mean grain weight (Table 6). Grain yield was highly . 
correlated with grain number m-2 (r = 0.88, n = 10). Grain yield increased 
with increase in grain number from old to modern varieties, suggesting a 
limitation by sink in old varieties. However grain number and mean grain 
weight showed a strong negative relationship (r = 0.89, n = 10). Thus 
improvement in grain yield of modern varieties have resulted in some yield 
component compensation i.e. increase in grain number resulted in reduction in 
mean grain weight. 
. 
The post-anthesis green area index (GAI) duration (the integral of green area 
index between anthesis and maturity with respect to time) was generally higher 
for modern wheat varieties. There was a good correlation between 
post-anthesis GAI duration and grain yield (r = 0.81, n = 10). Grain yield 
increased linearly from 116 g m-2 to 190 g m-2 as post-anthesis GAI 
duration increased from 2.9 to 12 days. Preliminary calculation shows that 
most of the carbohydrates in the grain (80%) is derived from post-anthesis 
photosynthesis. Thus the duration of high photosynthetic activity of green 
plant parts during post-anthesis phase is important in achieving high grain 
yields. 
In general total water use was slightly higher with old varieties (Table 7) as 
compared to the modern varieties and barley had the lowest water use. The 
pattern of water use was also different between varieties with old varieties 
using substantially higher amounts of water in the pre anthesis period (ETa) 
and lower water use in the post anthesis period (ETpa). Barley had a water 
use pattern similar to that of modern wheat varieties. The post anthesis 
water use expressed as a percentage of total water was lowest for Purple Straw 
(17.2%) and highest for Gutha (26.7%). 
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Table 7 shows that ratio of water use before anthesis to that used after 
anthesis (ETa/ETpa) was highest for Purple Straw (4.8:1) and lowest for Gutha 
(2.7:1). Thus modern varieties experienced less drought _in the post anthesis 
period when compared to that of old varieties. WUE based on dry matter was 
similar between varieties. However grain WUE consistently increased from old 
to modern varieties and barley had the highest grain WUE (Table 7). 
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Table 1. List of varieties used in the experiment 
Variety Release 
date 
Purple straw 1860s 
(PS 888) 
Nabawa 1915 
Bencubbin 
Gamenya 
Halberd 
Tincurrin 
Miling 
Gutha 
Eradu 
Kulin 
O'Connor 
(Barley) 
1929 
1960 
1969 
1978 
1979 
1982 
1982 
1986 
1984 
Maturity Code 
grouping* 
Characteristics Quality** 
A PUR Late, tall, early habit semi-
erect, many main stem leaves, 
foliage dropping, high tillering. 
A NAB Late, tall, early habit semi-
erect, foliage dropping, high 
tillering. 
A 
B 
B 
c 
A 
c 
c 
c 
c 
BEN Mid-seaon, tall, early habit ASW 
semi-erect, foliage drooping, 
high tillering. 
GAM Early, med-tall, low tillering. ASW 
HAL Early, med-height. ASW 
TIN Early, short-med, dark green AS 
foliage, low tillering. 
MIL Mid-early, short-med, ASW 
med-tillering. 
GUT Very early, tall, low AH 
tillering. 
ERA Early, short to medium height, ASW 
low tillering. 
KUL Early, short, low tillering. ASW 
OCO Early, medium, high tillering. Feed 
barley 
* A, late; B, medium and C, early 
** ASW, Australian Standard White; AS, Australian Soft; 
AH, Australian Hard 
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Table 2. Monthly meteorological data for Merredin (31°29'S, ll8°12'E, 
altitude 315 m) in 1987. 
Month Maximum Minimum Rainfall 
temperature temperature 1987 long-term 
(oC) (oC) 
January 33.5 15.8 o.o 11.4 
February 33.7 15.9 8.2 14.8 
March 28.9 14.1 3.4 21.4 
April 27.6 12.8 23.4 21.8 
May 19.8 6.4 43.8 37.6 
June 19.1 7.8 36.8 49.8 
July 17.6 5.5 40.5 46.7 
August 18.4 5.2 41.0 36.3 
September 22.7 6.7 12.0 22.1 
October 25.8 9.7 10.4 16.9 
November 27.4 12.3 28.0 14.6 
December 33.8 16.1 25.6 13.1 
Total or mean 25.7 10.7 273.1 306.5 
* Mean of 77 years (1911-1987) 
Table 3. Days after sowing (DAS) and thermal time (
0 cd) for the double ridge, 
terminal spikelet and anthesis stages for old and modern wheat 
varieties at Merredin in 1987 
Variety Double ridge Terminal spikelet Anthesis 
DAS Thermal DAS Thermal DAS Thermal 
time time time 
Purple Straw (PS 888) 76 938 88 1,084 125 1,587 
Nabawa 49 640 63 792 119 1,522 
Bencubbin 60 751 71 869 114 1,437 
Gamenya 48 628 55 695 109 1,349 
Halberd 48 628 62 781 113 1,423 
Tincurrin 34 460 48 628 107 1,310 
Miling 60 751 76 938 117 1,405 
Gutha 37 497 55 695 103 1,246 
Eradu 47 617 59 742 106 1,294 
Kulin 34 460 55 695 106 1,293 
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Table 4. Number of leaves on the main stem, rate of leaf emergence (per °Cd) 
and phyllochron interval (°Cd) for old and modern wheat varieties 
and one barley variety at Merredin in 1987 
Variety 
Purple Straw (PS 888) 
Nabawa 
Bencubbin 
Gamenya 
Halberd 
Tincurrin 
Miling 
Gutha 
Eradu 
Kulin 
O'Connor 
Number of 
leaves 
13.3 
10.0 
9.7 
8.3 
9.7 
8.7 
10.3 
8.3 
9.0 
8.0 
11.0 
Rate of Phyllochron 
leaf emergence interval 
0.0095 105 
0.0094 119 
0.0079 126 
0.0079 126 
0.0088 114 
0.0087 115 
0.0089 112 
0.0098 102 
0.0103 97 
0.0098 102 
0.0106 94 
Table 5. Biological yield, grain yield and harvest index of old and modern 
wheat varieties and one barley variety at Merredin in 1987 
Variety 
Purple Straw (PS 888) 
Nabawa 
Bencubbin 
Gamenya 
Halberd 
Tincurrin 
Miling 
Gutha 
Eradu 
Kulin 
LSD P = 0.05 
CV (") 
O'Connor 
Biological 
yield 
(gm-2) 
459.0 
479.4 
532.7 
478.1 
544.0 
526.4 
528.6 
526.6 
506.0 
512.3 
N.S. 
12.5 
615.9 
-6-
Grain 
yield 
(gm-2) 
116.3 
134.2 
161.9 
167.5 
174.5 
187.0 
182.6 
188.8 
183.3 
189.2 
40.6 
10.8 
211.5 
Harvest index 
0.25 
0.28 
0.30 
0.35 
0.32 
0.36 
0.34 
0.36 
0.38 
0.37 
0.05 
9.7 
0.34 
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Table 6. Yield components of old and modern wheat vartieties and one barley 
variety at Merredin in 1987 
Variety 
Purple Straw (PS 888) 
Nabawa 
Bencubbin 
Gamenya 
Halberd 
Tincurrin 
Miling 
Gutha 
Eradu 
Kulin 
LSD P = 0.05 
CV ('\) 
O'Connor 
Spikelets 
(ear-l) 
18.5 
18.4 
17.2 
17.9 
16.8 
17.9 
19.2 
17.6 
18.0 
17.2 
1.5 
6.8 
26.6 
Grains 
(ear-l) 
31.7 
34.7 
37.2 
40.1 
39.6 
58.8 
44.6 
43.1 
44.3 
53.7 
4.9 
8.0 
21.7 
Grains 
(spikelet-1) 
1.7 
1.9 
2.2 
2.3 
2.4 
3.3 
2.3 
2.5 
2.5 
3.1 
0.3 
8.0 
0.8 
Ear 
number 
(m-2) 
239 
159 
195 
217 
235 
211 
278 
208 
216 
182 
30.6 
9.9 
445 
Grain 
number 
(m-2) 
3,993 
3,225 
4,272 
6,170 
6,552 
7,653 
6,708 
6,163 
6, 672 
7,153 
1, 313 
12 
6511 
1000 
grain 
weight 
(g) 
.30.3 
41.3 
38.1 
27.2 
26.7 
24.4 
27.1 
30.6 
27.6 
26.7 
3.8 
8.8 
32.4 
Table 7. Pre-anthesis water use (ETa}, post anthesis water use (ETpa}, total 
water use (ET), water use efficiency dry matter (WUE, DM kg ha-1 
mm-1) and grain (WUE, GrKg ha-1 mm-1) ratio of pre to post 
anthesis water use (ETa/ETpa) and post anthesis water use as a 
percentage of total water use (ETpa as a percentage of ET) of old 
and modern wheat varieties and one barley variety at Merredin in 1987 
Variety 
Purple Straw (PS888) 
Nabawa 
Bencubbin 
Gamenya 
Halberd 
Tincurrin 
Miling 
Gutha 
Eradu 
Kulin 
LSD P=0.05 
CV ('\) 
O'Connor 
ETa 
(mm) 
160.0 
158.0 
144.3 
134.5 
143.7 
140.0 
142.1 
127.6 
133.1 
132.5 
12.1 
5.9 
132.4 
ETpa 
(mm) 
33.3 
36.3 
38.6 
38.6 
40.1 
35.0 
37.2 
46.5 
39.8 
41.9 
7.9 
14.0 
39.8 
ET 
(mm) 
193.3 
194.3 
182.9 
173.0 
183.7 
175.0 
179.3 
174.1 
172.9 
174.4 
15.7 
6.0 
172.3 
-7-
-1 -1 
WUE (kg ha mm ) 
DM Gr 
25.0 
24.7 
29.2 
27.6 
29.6 
30.3 
29.7 
30.4 
29.3 
29.3 
N.S. 
13.0 
35.7 
6.0 
6.9 
8.9 
9.7 
9.5 
10.8 
10.3 
10.9 
10.6 
10.8 
2.4 
12.9 
12.3 
ETa 
/ETpa 
4.8 
4.4 
3.7 
3.5 
3.6 
4.0 
3.8 
2.7 
3.3 
3.2 
3.3 
ETpa as 
'\ of ET 
17.2 
18.7 
21.1 
22.3 
21.8 
20.0 
20.7 
26.7 
23.0 
24.0 
23.1 
Trial title: 
Trial number: 
File numbers: 
Officers: 
Aims: 
Ear and stem dry matter at anthesis and grain yield in a 
range of wheat varieties 
87Ml8 
EX5439 
Siddique, K.H.M and McLaughlin, L 
To reconfirm the relationship between ratio of ear and stem dry matter at 
anthesis and grain yield observed in 1986 experiments with a wide range of 
wheat varieties in a dry environment. 
Materials and methods: 
A field study was conducted at Merredin on a duplex soil adjacent to 87Ml7 
trial. The experiment included 17 old and modern wheat varieties plus 2 
advanced high yielding lines and 3 near-isogenic lines differing in Rht 
dwarfing genes. The design was a randomized block with 3 replicates; plot 
size was 15 m by 2.16 m with 12 rows per plot. Normal cultural and management 
practices were followed. At anthesis for each variety, three uniform plants 
per plot were pulled out of soil and the main stem was identified. Main stem, 
without leaf and leaf sheath and ear dry matter (oven dry) was recorded 
separately for individual plants. At final harvest above ground dry matter, 
grain yield and yield components was recorded by harvesting an undisturbed 
area of 1 m2 from each plot. 
Results: 
Table 1 shows that biological at final harvest was similar between varieties. 
However grain yield and HI increased from old to modern varieties. The 
advanced breeding line 783 had the highest grain yield and line 677 had the 
highest harvest index. The addition of Rht gene in KCD background increased 
the grain yield and HI. Among the yield components, spikelets ear-l and ear 
number m2 showed no trend with breeding progress (Table 2). However grains 
spikelet-1, grains ear-l and grain number m-2 increased from old to 
modern wheat varieties. Mean grain weight generally decreased from old to 
mode~~ varieties. The ear dry matter as a ~ of stem dry matter at anthesis 
increased from old to modern varieties (Table 3). The above results are 
consistent with that of 1986 experiments. However the relationship between 
ear dry matter as a ~ of stem dry matter at anthesis and grain yield was not 
strong (r = 0.58, n = 19) as that of 1986. 
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Table 1. Biological yield, grain yield and harvest index of 23 wheat 
varieties at Merredin in 1987 
Variety Biological Grain yield Harvest index 
Purple straw (PS 888) 
Gluyas early 
Nabawa 
Dencubbin 
Gabo 
Insignia 
Gamenya 
Condor 
Tincurrin 
Miling 
Millewa 
Aroona 
Bodallin 
Bass 
Gutha 
Crankbrook 
Kulin 
677 
783 
KCD<jl* 
KCDl 
KCD2 
Genaro F 81 
LSD P = 0.05 
c.v. ('\.) 
* Near isogenic line for 
<I> No dwarfing gene 
1 One Rht dwarfing genes 
2 Two Rht dwarfing genes 
yield 
(gm-2) 
464.8 
467.6 
437.3 
488.7 
522.8 
389.0 
534.8 
457.7 
525.3 
478.2 
485.0 
539.7 
537.9 
408.0 
506.5 
534.7 
512.0 
457.9 
549.9 
425.4 
466.2 
461.4 
441.4 
N.S. 
10.9 
Rht dwarfing genes 
-9-
(gm-2) 
102.0 0.22 
137.5 0.29 
135.4 0.31 
153.5 0.31 
178.2 0.34 
139.9 0.36 
198.7 0.37 
166.0 0.36 
204.2 0.39 
161.5 0.34 
177.4 0.38 
197.4 0.37 
184.6 0.35 
147.6 0.36 
178.8 0.35 
196.6 0.37 
196.7 0.39 
192.2 0.42 
212.5 0.39 
138.4 0.33 
176.2 0.38 
183.4 0.40 
143.3 0.33 
33.9 0.05 
12.1 9.2 
Table 2. Yield components of 23 wheat varieties at Merredin in 
Variety Spike lets Grains Grains Ear 
(ear-l) (ear-l) (spikelet-1) number 
(m-2) 
Purple Straw (PS 888) 18.7 27.4 1.5 251 
Gluyas early 15.4 30.8 2.0 201 
Nabawa 18.1 38.6 2.1 164 
Ben£_l.\bbin 16.8 35.7 2.1 170 
Gabo 17.7 38.1 2.1 237 
Insignia 15.1 30.4 2.0 219 
Gamehya 18.4 38.0 2.1 233 
Condor 20.1 53.1 2.7 230 
Tincurrin. 17.8 59.4 3.3 201 
Miling 19.0 46.0 2.4 265 
Millewa 17.5 48.5 2.8 241 
Aroona 16.7 45.1 2.7 256 
Bodallin 17.5 43.4 2.5 210 
Bass 17.5 39.8 2.3 270 
Gutha 18.1 41.4 2.3 199 
Cranbrook 17.9 50.5 2.8 225 
Kulin 18.4 57.1 3.1 187 
677 16.1 54.0 3.3 156 
783 17.5 44.7 2.6 186 
KCDcj> 17.9 44.7 2.5 158 
KCDl 17.7 44.6 2.5 188 
KCD2 18.1 45.3 2.5 161 
Genaro F 81 19.4 51.7 2.7 172 
LSD P = 0.05 1.1 5.2 0.3 42 
CV ('!to) 6.4 7.2 7.2 12 
-10-
1987 
Grain 
number 
(m-2) 
3,634 
3,922 
3,321 
3 ,·4·3-6 
5,999 
4,407 
6,755 
6,459 
8,190 
6,221 
7,821 
6,838 
6,561 
5,869 
6,297 
6,775 
7,190 
6,653 
6,625 
4,738 
5,571 
6,127 
5,480 
1,116 
12 
1000 
grain 
weight 
(g) 
28.4 
35.1 
40.6 
44.3 
30.1 
32.2 
29.4 
25.7 
25.0 
25.9 
22.7 
28.8 
28.4 
25.2 
28.4 
29.1 
27.5 
28.9 
32.0 
29.4 
31.5 
30.3 
26.0 
4.4 
8.9 
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Table 3. Stem and ear dry matter and ear dry matter as ~ of stem dry matter 
at anthesis for 23 wheat varieties at merredin in 1987 
Variety 
Purple straw (PS 888) 
Gluyas early 
Nabawa 
Bencubbin 
Gabo 
Insignia 
Gamenya 
Condor 
Tincurrin 
Miling 
Millewa 
Aroona 
Bodallin 
Bass 
Gutha 
Cranbrook 
Kulin 
677 
783 
KCD<jl 
KCD1 
KCD2 
Genaro F 81 
LSD P = 0.05 
CV (~) 
* main stem 
Stem 
dry matter* 
( g) 
1.073 
1.323 
1.319 
1.410 
1. 269 
0.972 
1.293 
1. 223 
1.306 
1.009 
1.374 
1.244 
1.658 
0.930 
1.572 
1.424 
1.674 
1.436 
1.669 
2.267 
1.972 
1.429 
1.398 
0.394 
17.1 
-11-
Ear Ear dry matter 
dry matter X100 
( g) stem dry matter 
0.261 24.2 
0.504 38.5 
0.343 26.2 
0.-5-2-2 37.0 
0.507 40.2 
0.408 41.6 
0.535 41.5 
0.492 40.6 
o. 778 60.3 
0.512 51.3 
0.633 47.1 
0.594 47.9 
0.765 46.9 
0.496 52.9 
0.535 34.3 
0.651 46.0 
0.740 44.7 
0.718 49.8 
0.801 48.1 
0.813 36.9 
0.667 34.1 
0.900 63.5 
0.708 50.6 
0.130 6.9 
18.4 10.7 
